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To determine how p-dimethylaminoazobenzene acts to produce liver tumors 
in the rat it is important to find what compound or set of compounds acts as 
the primary carcinogen (the compound(s) which directly initiates the carcino- 
genic process) when p-dimethylaminoazobenzene is the parent carcinogen (the 
compound administered).  We have attacked this problem through investiga- 
tions on the metabolism of this dye (1--4) and the effect of structure  on its 
carcinogenic  activity (5-7).  The present paper reports further studies using 
the latter approach. 
Previous studies on the aminoazo dyes indicated that at least one N-methyl 
group is probably necessary for  strong carcinogenic  activity.  Thtts Kinosita 
(8)  found that  p-diethylaminoazobenzene was inactive and  Sugiura  and his 
associates (9) have confirmed this observation.  In addition the latter workers 
have shown that p-di-n-propylaminoazobenzene, p-di-n-butylaminoazobenzene, 
and  p-di-n-amyiaminoazobenzene  are  also  inactive.  Furthermore,  the  first 
metabolite  of  p-dlmethylaminoazobenzene,  p-monomethylaminoazobenzene, 
has the same potency as the parent compound (6, 7, 9) while p-aminoazoben- 
zene, the completely demethylated metabolite, is inactive under our conditions 
(6, 7).  It is important to note that the first demethyiation in v/vo is reversible 
(4) while no reversal of the demethyiation of p-monomethylaminoazobenzene 
has been detected (4, 6).  The azo group,--N~---N--,  appears to be needed 
for activity since the reduction products of p-dimethylaminoazobenzene, N, N- 
dimethyl-p-phenylenediamine and aniline, are inactive (7-9); likewise the Schiff 
bases p-dimethylaminobenzalaniUne and p'-dimethyiaminobenzalaniline which 
contain the --CH--N-- linkage are inactive (7).  A report has appeared re- 
cently (10) on the carcinogenic  activity of p-dimethylaminostilbene which has 
the--CH~---CH-- linkage;  this  compound appears to possess some carcino- 
genic activity towards the rat liver.  The initial study (7) from this campus 
further demonstrated that the substitution of a methyl group for hydrogen in 
the positions o-(2-),  o'-(2'-),  m'-(3'-),  or p'-(4'-)  to the azo linkage produced 
wide variations  in  the  activity of p-dimethylaminoazobenzene  This  study 
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resulted in the discovery of m'-methyl-p-dimethylaminoazobenzene  as the most 
rapidly acting hepatic carcinogen and cirrhogen  t known for the rat (5,  7, 11). 
We have now extended these studies through  (1)  the determination of the 
carcinogenicity of the known and certain possible metabolites of p-dimethyl- 
aminoazobenzene  singly and in various combinations  and (2) further investiga- 
tions on the carcinogenic activity of derivatives of p-dimethylaminoazobenzene 
obtained through substitution of the amino group or ring positions.  A  part 
of these data has been published in abstract form (3). 
Preparation of CorapounAs 
The compounds which have been tested for carcinogenicity in these experiments are listed 
in Tables I to IIL  In an earlier paper (7) the substituents on the rings of the azo dyes were 
designated as o-, m-, and p- and 0% m'-, and pt_ with respect to the azo linkage for substituents 
on the diamine and non-diamine rings, respectively.  Since a few of the dyes reported here 
contain two substituents on one ring, the positions have been numbered by starting with the 
carbon attached  to the azo linkage as 1 on the diamine ring and 1' on the non-diamine ring. 
Using  this  system  m'-methyl-p-dimethylaminoazobenzene  becomes 3'-methyl-4-dimethyl- 
aminoazobenzene.  The number nomenclature is used in the remainder of this paper for the 
S~O dyes. 
The p-aminophenol, o-aminophenol hydrochloride, p-phenylenediamine, p-hydroquinone, 
and 4-amin~azobenzene as well as most of the intermediates used in the syntheses described 
below were obtained from the Eastman Kodak Co.  The hydrochlorides of aniline, m-tolui- 
dine, N-methyl-p-phenylenediamine, and N,  N-dimethyl-p-phenylenediamine were prepared 
from the redistilled amines by bubbling  dry hydrogen chloride through a benzene solution of 
each compound.  N-Methyl-p-phenylenediamine was obtained from p-nitro-N-methylaniline 
by reduction with stannous chloride.  2,4tDiaznino-5-dimethylaminodiphenyl was prepared 
by the reduction of 4-dimethylaminoazobenzene with stannous chloride (12) ; this amine was 
fed as the trihydrochioride.  For the synthesis of 3-dimethylaminocarbazole  ~, 3-nitrocarbazole 
(13) was reduced to the amine with sodium hydrosulfite.  The amine was methylated  with 
dimethyl sulfate in dilute ammonia solution and the crude product isolated as the methiodide. 
The free base (m.p. 114-116  °) was obtained from the recrystallized methiodide by sublimation 
in vaxuo.  N'-Benzoyl-N,  N-dimethyl-p-phenylenediamine (m.p. 223-225  °) was prepared by 
the general Schotten-Baumann  method. 
All of the azo dyes except 4-aminoazobenzene were synthesized in this laboratory.  The 
corrected melting point listed for each compound was obtained on the recrystallized product 
and, where the compound has been prepared previously, agrees with the value reported in the 
common chemical literature.  The compounds which have not been described previously were 
purified by chromatography on alumina before being analyzed for total nitrogen; the deter- 
minations  were made by the semi-micro Kjeldahl technique (14) after reduction with glucose. 
4-Aminoazobenzene (m.p. 124.5--125.4  °) was recrystallized twice from benzene-petroleum 
ether.  4-Formylaminoazobenzene (m.p. 162-162.5  °) was synthesized through the reaction of 
formic acid with recrystallized 4-aminoazobenzene  (15).  Most of the N, N-dialkyl compounds 
were prepared by diazotizing 1 mole of the appropriate amine with 1 mole of sodium nitrite 
(concentrated water solution) in the presence of 2~,~  moles of hydrochloric acidin  about 12 moles 
of water at 0  ° and adding the diazo solution to a 70 per cent ethanol solution of 1 mole of the 
I.e., an agent causing cirrhosis. 
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desired tertiary amine in the presence of 2 moles of sodium acetate at 10-15 °.  Except where 
noted the crude products were recrystaUized from benzene-petroleum ether.  The following 
compounds  were  prepared  in  this  manner:  4-dimethylaminoazobenzene  (m.p.  117-118°), 
4-ethylmethylaminoazobenzene (m.p. 69.5571.5 °; per cent N, observed 17.50, 17.76, theoretical 
17.52),  4-diethylaminoazobenzene  (m.p.  96.5-98°),  4-benzylmethylaminoazobenzene  (m.p. 
99.55100°;  per cent N,  observed  14.63,  14.73,  theoretical 14.63),  4-¢~-hydroxyethylmethyl- 
aminoazobenzene (m.p., sinter 92  °, melts 98-98.5°; per cent N, observed 16.59,  16.20, theo- 
retical 16.46), 3'-methyl-4-dimethylaminoazobenzene (m.p.  119.55120.5°),  2', 4'-dimethyl-4- 
dimethylaminoazobenzene  (m.p.  136-137°; per cent N,  observed  16.57,  16.64,  theoretical 
16.59),  2'-nitro-4-dimethylaminoazobenzene  (m.p.  1255126°),  3'-nitro-4-dimethylaminoazo- 
benzene (m.p.  161-162°),  4'-nitro-4-dimethylaminoazobenzene (m.p.  227-229°),  2'-chloro-4- 
dimethylaminoazobenzene  (m.p.  109-110°),  3'-chloro-4-dimethyLaminoazobenzene  (m.p. 
103-i04°)~  4'-chloro-4-dimethylaminoazobenzene (m.p. 158-159°),  and 3'-ethoxy-4-dimethyl- 
aminoazobenzene (m.p. 105--106°; per cent N, observed 15.58, 15.12,theoretica115.60).  2',5'- 
Dimethyl-4-dimethylaminoazobenzene (m.p.  157.5-158°;  per cent N, observed 16.40, 16.56, 
theoretical 16.59) was prepared similarly except that it was necessary to filter the diazo solution 
prior to coupling to remove the unreacted amine hydrocfiloride.  Coupling was carried out at 
3 ° since the diazo solution was rather unstable at higher temperatures.  In the synthesis of 
3',  5'-dimethyl-4-dimethylaminoazobenzene (m.p. 53-54°; per cent N, observed 16.24, 16.75, 
theoretical 16.59) the hydrochloride of 3,5-dimethylaailine (prepared from 3,5-dimethylnitro- 
benzene by reduction with stannous chloride) was so highly insoluble that the volume of the 
diazotization mixture was increased by using 3 moles of hydrochloric acid (and later 3~ moles 
of sodium acetate) and by adding a small amount of ethanol to make stirring of the crystalline 
mass possible.  Since the crude 3', 5'-dimethyl-4-dimethylaminoazobenzene did not solidify 
at 0  °, the mixture was made alkaline and the residual amines were removed by steam distil- 
lation.  The azo dye was then extracted with benzene and the solvent removed in vacuo.  On 
cooling the residue a crystalline mass was obtained; it was further purified by adsorption on 
alumina from petroleum ether followed by ehition with benzene and a final crystallization from 
petroleum ether at 0 °  . 
For the preparation of the azo dyes containing only one alkyl substituent on the amino 
group equimolar amounts of benzenediazonium chloride (or a substituted benzenediazonium 
chloride) and the appropriate secondary amine were coupled in the presence of excess sodium 
acetate to yield the diazoamino compound.  This intermediate was dried and then rearranged 
to the aminoazo dye by heating in the presence of 3 moles of the secondary amine and 0.7 mole 
of the hydrochloride of the secondary amine at 45560 ° for 2 to 3 hours so that only a small 
evolution of nitrogen occurred.  When the reaction was complete (dark red color) the azo dye 
was precipitated as the hydrochloride with excess 10 per cent hydrochloric acid.  The crude 
hydrochloride was suspended in water and decomposed with excess alkali; the free base was 
recrystallized from benzene-petroleum ether.  The yield of recrystallized product was about 
40 per cent of theoretical.  4-Monomethylaminoazobenzene (m.p. 88.0-88.5°),  3'-methyl-4- 
monomethylaminoazobenzene (m.p. 109-110°;  per cent N, observed 18.52, 18.33, theoretical 
18.65),  4-monoethylaminoazobenzene (m.p.  86.5587.5°;  per cent N, observed  18.45, 18.43, 
theoretical  18.65) and  3-methyl-4-monomethylaminoazobenzene (m.p.  89-90°; per cent N, 
observed  18.54, 18.58, theoretical  18.65) were prepared  in this manner.  The N-methyl-o- 
toluidine used in the synthesis of the latter compound was prepared by converting redistilled 
o-toluidine to the p-toluenesulfonamide and methylating the recrystaUized sulfonamide with 
dimethyl sulfate in alkaline solution.  The sulfonamide of the N-methyl-o-toluidine was hydro- 
lyzed by boiling in 20 per cent hydrochloric acid for 100 hours and the amine obtained by steam 
distillation of the hydrolysate after the addition of excess alkali. 
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inability of  o-methyl-N,  N-dimethyianiline to  couple with beazenediazonium chloride  (7). 
Attempts  to  methylate 3-methyl-4-monomethylaminoazobenzene with  dimethyl sulfate in 
aqueous or methanolic alkali, with sodium and methyl iodide, or by a mixture of formic acid 
and formaldehyde were also unsuccessful.  However, a few grams of the crude product were 
obtained in the following manner.  One hundred and twenty-five ml. of a  benzene solution 
containing 0.02 mole of 3-methyl-4-monomethylaminoazobenzene and 0.08 mole of dimethyl 
sulfate were kept at 37  ° for 2 days.  The solvent was then removed in vacuo, and the residue 
was hydrolyzed at 70  ° for I hour in 100 ml. of 6 N potassium hydroxide in 25 per cent methanol. 
The  mixture was  diluted with an  equal  volume of  water and extracted exhaustively with 
benzene.  The volume of  the extract was  reduced  in  vacuo,  0.08 mole of dimethyl sulfate 
added, and the mixture again incubated as before.  After isolating the dye in the manner de- 
scribed above, it was subjected to a third treatment with methyl sulfate in the same manner. 
The mixture of azo dyes extracted after the third methylation was refluxed for 2 to 3 hours with 
0.15 mole of acetic anhydride in 15 ml. of pyridine.  The acetylation mixture was then diluted 
to 75 nil. with benzene, and the 3-methyl-4-dimethylaminoazobenzene  was removed by 4 ex- 
tractions with 30 ml. portions of 5  N  hydrochloric  acid.  The N-acetyl-3-methyl-4-mono- 
methylaminoazobenzene was not extracted under these conditions.  After the addition  of 
excess alkali to  the acid solution, the 3-methyl-4-dimethylaminoazobenzene was extracted 
with benzene and the product was obtained by removal of the solvent in va~uo.  The over-all 
yield from the monomethyl dye was 30 to 40 per cent.  The dimethyl dye did not crystallize 
and, due to the limited supply, was fed as such.  When analyzed by chromatography on an 
alumina column (16)  only one major homogeneous band and traces of the starting material 
were found.  The chromatographically pure band yielded an oil which could not be crystallized 
but which contained 17.11,  17.38 per cent nitrogen (theoretical 17.52).  We have already dis- 
cussed (7) the note of Hantzsch who reported a melting point but not his method of synthesis 
for  this compound. 
4-Hydroxyazobenzene (m.p.  155-156  °) was prepared by coupling equimolar quantities of 
benzenediazonium chloride and phenol in alkaline solution at 10-15  °.  For the synthesis of 
4'-hydroxy-4-aminoazobenzene  (m.p.  180-181 °  decomposes)  N-acetyl-p-phenylenediamine 
was diazotized in the usual manner and similarly coupled with phenol.  The mixtnre was then 
neutralized to pH 7, the crude N-acetyl-4'-hydroxy-4-aminoazobenzene filtered off, and finally 
hydrolyzed under reflux with excess 5 per cent sodium hydroxide.  4'-Hydroxy-4-monomethyl- 
aminoazobenzene (m.p. 196-198  ° decomposes; per cent N, observed 18.28,  18.16,  theoretical 
18.49) was obtained from N,  N-acetylmethyl-p-phenylenediamine and phenol in  the  same 
manner.  The diamine was prepared by the reduction of p-nitro-N-acetylmethylaniline with 
stannous chloride.  In the preparation of 4'-hydroxy-4-dimethylaminoazobenzene (m.p. 201- 
202 ° decomposes) p-aminophenol was diazotized and coupled with dimethylaniline; coupling 
did not take place immediately but after 1 to 2 days at 0-5  ° a crystalline mass precipitated. 
Since the diazotization of o-aminophenol yields a  diazo oxide which will not couple with 
dimethylaniline, 2'-hydroxy-4-dimethylaminoazobenzene (m.p. 143-144°; per cent N, observed 
17.60,  17.32,  theoretical 17.42) 3 was prepared as follows,  o-Nitrophenol was esterified with 
p-toluenesulfonyl chloride in pyridine solution at 45  °.  The nitro compound was reduced to 
the p-toluenesulfonyl ester of o-aminophenol by adding gradually an aqueous solution of 3 
moles of sodium hydrosulfite to an ethanol solution of I mole of the nitro ester at 60-80  °.  The 
resulting amine was then diazotized and coupled with dimethylaniline by the usual procedure. 
After saponification of the azo ester under reflux for 2 hours in ethanolic sodium hydroxide the 
2'-hydroxy-4-dimethylaminoazobenzene  precipitated  upon  neutralization.  3'-Hydroxy-4- 
3 We  are  indebted  to  Mrs.  Virginia  M.  Kline  for  assistance  in the syntheses of these 
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dimethylaminoazobenzene (m.p.  139.5-140°; per cent N,  observed 17.54,  17.23,  theoretical 
17.42)  was prepared in the same manner to prevent the coupling of the diazofized m-amino- 
phenol with itself.  The p-toluenesulfonyl ester of m-nitrophenol was prepared as described 
above; the reduction was also similar to that already described except that a mixture of 3 per 
cent acetone and 97 per cent ethanol was needed to dissolve the nitro ester.  Due to its in- 
solubility it was necessary to diazotize the p-toluenesulfonyl ester of ra-aminophenol as a fine 
suspension in a 60 per cent ethanol solution of hydrochloric acid.  Coupling of the diazonium 
compound and saponification of the azo ester followed the procedures described above.  All 
of the hydroxyaminoazo dyes were recrystallized from ethanol-water. 
Method of Assay 
With the exceptions to follow each compound listed in Tables I  to III was fed to 12 young 
adult male albino rats of the Sprague-Dawley strain and 150 to 200 gin. in weight.  Because 
of a limited supply of the compounds only 10 rats were fed 3-dimethylaminocarbazole, and 6 
rats  each  the  2,4'-diamino-5-dimethylaminodiphenyl  and  3-methyl-4-dimethylaminoazo- 
benzene.  Each of the monophenyl amines and p-hydroquinone was fed to groups of 6 rats. 
Our previous experience with the latter compounds in metabolic tests indicated that they 
possessed little toxicity when fed at such levels and would  probably prove to be non-car- 
cinogenic.  Six to 16 compounds were tested simultaneously, and each series was controlled by 
a group of 12 rats fed 0.06 per cent of 4-dimethylaminoazobenzene.  All of the rats were fed 
ad libi~um a semisynthetic diet (7) consisting of crude casein, 120 gin.; corn oil, 50 gin.; rice- 
bran concentrate (vitab), 20 gin.; salt mixture, 40 gin.; and glucose monohydrate, 770 gin. 
The hydroxyamlnoazo dyes were added to the diets in a small volume of acetone, while the 
monophenylamines,  p-hydroquinone,  3-dimethylaminocarbazole,  and  2,4~-diamino-5-di  - 
methylaminodiphenyl were ground with a few grams of glucose before being added to the diets. 
All of the remaining compounds were dissolved wi~h heat in the corn oil of the diets.  One drop 
of halibut liver oil was fed monthly, and the animals were housed in groups of 6 in screen-bot- 
tomed cages.  In general, at the end of the dye-feeding periods indicated in the tables the 
livers were examined by laparotomy and the rats were then fed the same diet without the test 
compound for an additional 2 months (17).  In the case of the monophenylamines (Table I, 
groups 12 to 16; Table II, groups 10 to 12) the rats were fed the compounds continuously for 
9  months and then killed. 
RESULTS 
The results of the tests on the carcinogenicity of the compounds related to 
4-dimethylaminoazobenzene  are listed in Tables I  to III.  The three control 
groups fed 4-dimethylaminoazobenzene  had tumor incidences of 70 to 92 per 
cent at 4 months and 100 per cent at 6 months.  However,  since some varia- 
tion is observed in groups fed at various times, the control group selected for 
each table was the group fed 4-dimethylaminoazobenzene  simultaneously with 
the most active compounds included in that table.  All of the azo dyes, except 
4-aminoazobenzene,  were fed at molar levels equivalent to 0.06 per cent of 4- 
dimethylaminoazobenzene, but the times of feeding varied with the activity of 
the compound.  Accordingly, the following formula has been used to obtain a 
rough index of relative activity of these compounds: 
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where the activity of 4-dimethylaminoazobenzene has been designated arbi- 
trarily as 6 when this dye is fed for 4 months.  The per cent of tumors at the 
end of the dye-feeding was generally used for calculation; however, if no tumors 
had appeared at this time the incidences at the end of the experiment were 
substituted.  In general, the extent of the cirrhosis and, except where noted, 
the toxicity (weight loss)  of the various compounds paralleled their carcino- 
genic activities.  The survival of the rats fed the azo dyes ranged from 83 to 
100 per cent at the end of the dye-feeding period and 100 per cent survival was 
obtained with all of the other compounds. 
Table I lists the compounds which are either known to be metabolites of 4- 
dimethylaminoazobenzene or which have been suggested as possible deriva- 
tives in ~ivo.  As reported earlier (6) 4-monomethylaminoazobenzene (group 2) 
has an activity equal to that of the dimethyl compound; none of the other 
compounds showed any activity either as a carcinogen or as a cirrhogen under 
these conditions.  4-Aminoazobenzene was inactive when fed at twice the molar 
level for 9  months.  Similarly 4'-hydroxy-4-aminoazobenzene, 4'-hydroxy-4- 
monomethylaminoazobenzene, 4-hydroxyazobenzene, and 4'-hydroxy-, 3'- hy- 
droxy-, and 2'-hydroxy-4-dimethylaminoazobenzene  were all inactive when fed 
at molar levels equivalent to 4-dimethylaminoazobenzene for 6 months.  How- 
ever,  4~-hydroxy-4-dimethylaminoazobenzene caused about twice as  great  a 
loss in weight as 4-dimethylaminoazobenzene while the other non-carcinogenic 
azo dyes were much less  toxic in this respect than the reference compound. 
2,4'-Diamino-5-dimethylaminodiphenyl and  3-dimethylaminocarbazole were 
also inactive when fed for 4 months,  p-Phenylenediamine and its N-methyl 
and N, N-dimethyl derivatives were nonTcarcinogenic when fed at 3 times the 
molar level for 9 months.  N,N-Dimethyl-p-phenylenediamine was also non- 
carcinogenic when fed at 3 times the molar level with m-toluidine or p-hydro- 
quinone, which might act as an antioxidant to preserve  the diamine in the 
diet and digestive tract (Table II, groups 10 and 11); no activity was observed 
when the diamine was fed as the benzamide (Table II, group 9).  o-Amino- 
phenol and p-aminophenol were likewise inactive (Table I).  Finally, neither 
cirrhosis nor tumors were obtained when a mixture of the following known and 
possible metabolites was fed to 15 rats for 11 months: 0.04 per cent of 4-amino- 
azobenzene and 0.01  per cent (calculated as free base) each of 4r-hydroxy-4  - 
dimethylaminoazobenzene, 4~-hydroxy-4-monomethylaminoazobenzene, 4'-hy- 
droxy-4-aminoazobenzene, N,N-dimethyl-p-phenylenediamine dihydrochloride 
N-monomethyl-p-phenylenediamine  dihydrochloride, p-phenylenediamine, ani- 
line hydrochloride, and p-aminophenol. 
The type of alkyl group combined with the amino group has a marked effect 
on the carcinogenicity of the aminoazo dyes (Table II).  At least one methyl 
group appears to be essential for activity; thus 4-diethylaminoazobenzene and 
4-formylaminoazobenzene were inactive while 4-dimethyl-, 4-monomethyl-,and 146  ~-D]3/ETHYLAMINOAZOBENZENE IN RAT 
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4-ethylmethyl  aminoazobenzene  were  equally  carcinogenic.  However,  the 
presence  of  one N-methyl  group  is  not  stt~cient  to  insure  carciuogenicity 
since 4-benzylmethylaminoazobenzene and 4-/~-hydroxyethylmethylaminoazo- 
benzene were inactive. 
In an effort to rationalize the different activities of the aminoazo dyes with 
at least one methyl group on the amino nitrogen, the blood and livers of rats 
fed these compounds were analyzed for aminoazo dyes as described previously 
(16).  It was found possible to separate mixtures of aminoazo dyes into groups 
of primary, secondary, and tertiary compounds on an aluminum oxide column, 
but mixtures of two or more secondary or tertiary aminoazo dyes could not be 
resolved sufficiently  in this manner to make work with microgram quantities 
practical.  Accordingly,  the azo dyes present in the livers could only be ana- 
lyzed qualitatively for the presence or absence of each class  of compounds. 
Since 4-aminoazobenzene  was found to be the only azo dye present in the blood 
when any of these dyes were fed, its level could be determined quantitatively. 
The livers of rats fed 4-dimethyl-, 4-monomethyl-, 4-ethylmethyl-, or 4-diethyl- 
aminoazobenzene contained all three classes of azo dyes while the livers from 
rats fed 4-monoethylaminoazobenzene contained primary and secondary amino- 
azo dyes with possible traces of tertiary compounds.  Similar  data have been 
obtained by others for the diethyl compound (18).  In all of these cases the 
primary aminoazo dye (4-aminoazobenzene)  accounted for more than half of 
the total azo dye present.  However, when 4-~-hydroxyethyimethylaminoazo- 
benzene or 4-benzylmethylaminoazobenzene was fed, the aminoazo dye was 
found to be largely tertiary with only traces of the primary and secondary com- 
pounds.  The analyses for 4-aminoazobenzene  in the blood were in agreement 
with these observations since 12 to 15 ~g. were found per ml. of blood from rats 
fed 4-dimethyl-,  4-monomethyl-,  4-diethyl-,  4-monoethyl,  or  4-ethylmethyl- 
aminoazobenzene while only 1 to 2 ~g. per ml. were present in the blood from 
rats fed 4-benzylmethyl- or 4-/~-hydroxyethylmethylaminoazobenzene.  4-Di- 
~-hydroxyethylaminoazobenzene also gives rise to only low levels of 4-amino- 
azobenzene in the blood (19).  Thus it would appear that the rat can demethy- 
late or deethylate certain aminoazo dyes quite readily, but removes benzyl or 
~-hydroxyethyl groups from such dyes slowly.  Further, since 4-ethylmethyl- 
aminoazobenzene is strongly carcinogenic  while 4-diethylaminoazobenzene and 
4-monoethylaminoazobenzene are inactive,  it seems probable that  the ethyl 
group may be removed prior to the methyl group from the ethylmethyl deriva- 
tive and thus yield the active 4-monomethylaminoazobenzene in ~i~o. 
Further  experiments on the effect of ring  substituents on  the potency of 
4-dimethylaminoazobenzene are presented in Table III.  In agreement with 
other studies (5, 7, 11) 3t-methyl-4-dimethylaminoazobenzene was much more 
active than the reference compound, and its monomethyl derivative, 3'-methyl- 
4-monomethylaminoazobenzene,  was found to be as active as the dimethyl 148  p-DIMETHYLAMINOAZOBENZENE  IN  RAT
TABLE  III
The Carcinogenicity of  Various Ring-Substituted Derivatives of 4-Dimetlhylaminoazobenzene
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compound.  When  3'-methyl-4-dimethylaminoazobenzene  and  4-dimethyl- 
aminoazobenzene have been compared at various levels of dye and for various 
times of feeding, the 3'-methyl derivative has been found to be approximately 
twice as active as the reference compound (11) hence it has been given a rela- 
tive activity of 10 to 12 even though the present experiments were not designed 
to measure such strong activity.  3-Methyl-4-monomethylaminoazobenzene  in- 
duced a liver tumor in 1 of 12 rats at 9 months and was assigned an activity of 
less than 1.  3-Methyl-4-dimethylaminoazobenzene  did not produce any tumors 
in 6 rats; however, the preparation was non-crystalline and only a small number 
of animals were used, so that it is quite probable that the 2 compounds would 
be  equally active  (though  very weak)  under  appropriate  conditions.  The 
derivatives of 4-dimethylaminoazobenzene containing ring methyl groups in 
the 3' and 5  r, 2  r and 5  ~, and the 2  ~ and 4 ~ positions were all inactive when fed 
for 7 months.  3t-Ethoxy-4-dimeth~laminoazobenzene had a  potency of less 
than 1.  Introduction of a  chloro group in  the 3 r position gave a  compound 
about  as  active as 4-dimethylaminoazobenzene  while  the  2~-chloro and  4'- 
chloro derivatives were one-third and one-fourth as active, respectively.  Sim- 
ilarly, 3'-nitro-4-dimethylaminoazobenzene was about five-sixths as  carcino- 
genic as the reference compound and 2~-nitro4-dimethylaminoazobenzene was 
only half as active.  It was also planned to include 4'-nitro-4-dimethylamino- 
azobenzene in this series, but its high melting point (229 °) and low solubility in 
oil suggested that it might not be  absorbed readily from the tract.  When 
qualitative tests on the feces of rats fed the dye indicated that large amounts 
were excreted unchanged, the carcinogenicity test was discontinued. 
At the completion of all of the tests for carcinogenic activity, pairs of rats 
were fed each of the azo dyes (at a level equivalent to 0.06  per cent of 4-di- 
methylaminoazobenzene) included in this report as well as the various C-mono- 
methyl derivatives of 4-dimethylaminoazobenzene which were studied previ- 
ously (7).  Feces from each rat were tested qualitatively for aminoazo dyes by 
crushing in 7 N HCI (and 0.5 N HC1 for the hydroxyaminoazo dyes); less than 
100 ~g. of any of these dyes gives an intense red color under these conditions.  In 
those cases where the qualitative tests were positive, quantitative collections 
of the feces were made for two successive 24 hour periods and  the dye was 
removed from the dried feces by exhaustive extraction with acetone in a Soxhlet 
apparatus.  Approximately  2  per  cent  of  the  administered  4'-chloro-4-di- 
methylaminoazobenzene, 15 per cent of the 4~-methyl-4-dimethylaminoazoben  - 
zene, 40 per cent of the 3'-nitro-4-dimethylaminoazobenzene, and 45 per cent 
of the 4'-nitro-4-dimethylaminoazobenzene were excreted in the feces.  Rats 
fed 4-dimethylaminoazobenzene excreted less than 0.1 per cent of the adminis- 
tered dye by this route (4) and the rats fed the remaining dyes excreted less than 
1 per  cent.  These data indicate that the real carcinogenic activities of 4'- 
methyl-and 3'-nitro-4-dimethylaminoazobenzene are  probably  greater  by at 150  p-DIMETHYLAMINOAZOBENZENE IN  RAT 
least 20 and 60 per cent, respectively, than the values obtained.  As a result of 
these findings 4'-nitro-4-dimethylaminoazobenzene is again under test. 
DISCUSSION 
It is of considerable interest that of the 18 known or possible metabolites of 
4-dimethylaminoazobenzene  tested  in  these  experiments  only  one,  4-mono- 
methylaminoazobenzene, has exhibited carcinogenic  activity.  This compound 
possesses the same carcinogenicity as its precursor (6) and, further, since each 
of these dyes is converted into the other in vivo  (4), they can best be described 
as metabolites of each other.  However, 4-aminoazobenzene,  another  known 
metabolite (4), has proven inactive even when fed twice as long at twice the 
molar level as the methylated dyes.  This observation, which is in agreement 
with previous work (6, 7, 9, 20) parallels our failure to detect in vivo any methy- 
lation of 4-aminoazobenzene  to the mono~ethyl dye  (6).  The work of Kirby 
(21) indicating  that  4-aminoazobenzene  may have carcinogenic  activity of a 
very low order has been discussed elsewhere  (6).  Although evidence exists for 
the formation of the 4'-hydroxy derivatives of 4-monomethylaminoazobenzene 
and 4-aminoazobenzene  in the rat following the ingestion of either the former 
dye or its dimethylamino precursor  (2, 3) neither of these hydroxy dyes was 
active.  Likewise,  the  2'-, 3'-,  and  4'-hydroxy derivatives  of 4-dimethylam- 
inoazobenzene,  the  possible product  of  deamination,  4-hydroxyazobenzene, 
and  a  possible metabolite  of  4-monomethylaminoazobenzene,  4-formylami- 
noazobenzene,  all  proved  inactive.  It  is  to  be noted  that  the  benzidine 
rearrangement  product  of  4-dimethylaminoazobenzene,  2,4'-diamino-5-di- 
methylaminodiphenyl, was inactive even when fed at twice the molar level as 
its supposed precursor,  4-dimethylaminoazobenzene.  No valid  evidence has 
been adduced that this compound is produced in vivo from 4-dimethylaminoazo- 
benzene although the results of the color test of Elson and Warren  (22) applied 
to the urine of rats fed the dye have been construed as such  (22, 23).  This 
diphenyl derivative, like the simpler diamines theoretically derivable from the 
parent dye, has been the subject of an undue amount  of speculation (22-24); 
the actual test for the carcinogenicity of this compound is recorded here for the 
first time.  We also tested the activity of 3-dimethylaminocarbazole and found 
it to be zero.  This compound was fed since it could conceivably be formed by 
a deaminative cyclization of a rearrangement product of the hypothetical me- 
tabolite,  4-dlmethylaminohydrazobenzene.  A  similar  set  of  reactions  have 
been suggested by Cook and his coworkers (25) for the metabolism of the he- 
patic carcinogen,  2,2'-azonaphthalene,  in the mouse.  In that  species the two 
proposed metabolites of the hypothetical intermediate,  2,2'-hydrazonaphtha- 
lene: 2,2'-diamino-1, l"-dinaphthyl and 3, 4, 5,  6,- dibenzcarbazole,  were each 
found  to be carcinogenic  for the mouse liver.  Nor did any of the mixtures 
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carcinogens 4-dimethyiaminoazobenzene, 4-monomethyhminoazobenzene, or 3'- 
methyl-4-dlmethylaminoazobenzene prove to have any activity.  The known 
metabolites, ~-phenylenediamine (2, 3, 26), p-aminophenol (2, 3, 26), and o-ami- 
nophenol (2, 3) also were inactive.  Finally, a mixture of 9 possible and known 
metabolites of 4-dimethyl- and 4-monomethylamlnoazobenzene proved inactive 
when fed for 11 months.  This mixture was fed before o-amlnophenol was found 
to be a  metabolite of the dimethyl dye.  Recently White and her associates 
(27) have found a  very low incidence  of liver tumors in rats fed aniline for 
15 to 31 months.  As indicated below the low activity of this metabolite may 
have no significance in carcinogenesis  by 4-dlrnethyiaminoazobenzene. 
Thus of the possible and known metabolites of 4-dlmethylaminoazobenzene 
that have been tested 4-monomethylaminoazobenzene at this time stands alone 
in its ability to act as a hepatic carcinogen.  This led us to the tentative con- 
clusion  (3) that in the rat  4-dimethylaminoazobenzene itself,  4-monomethyl- 
aminoazobenzene,  a mixture of these dyes, or an azo dye closely related to these 
dyes is the primary carcinogen when 4-dimethylaminoazobenzene is fed.  How- 
ever, it is important to note that activity, positive or negative, of a possible or 
proven metabolite canno~ necessarily  either implicate or eliminate it as respon- 
sible for the activity of the parent  compound.  Thus,  while  the  testing  of 
metabolites is a necessary first step it alone cannot supply conclusive evidence; 
supporting data of a more direct nature are necessary.  We feel that we have 
partially supplied this in our recent work (1)  on the protein-bound dyes pres- 
ent in the livers of rats fed 4-dimethylaminoazobenzene.  Our present position 
on the question of how 4-dimethylaminoazobenzene acts to produce liver tumors 
in the mt is based on the several correlations found between the level of the 
protein-bound dyes in the liver and the probability  that  the liver will later 
develop a tumor (1) and the data given in the present and other papers (6, 7). 
Thus we suggest that the primary carcinogen  consists of either or both of the 
protein-bound dyes, 4-monomethylaminoazobenzene and an unidentified polar 
aminoazo dye, and that  the formation of bound dye  constitutes  one of the 
first steps in the carcinogenic  process induced by the parent dye (1). 
Many of the compounds listed in Tables I  to III were also tested with the 
view of increasing  the information available on the structural features neces- 
sary for strong carcinogenic  activity of aminoazo dyes and related compounds. 
Approximately 40 amlnoazo dyes and amines were tested and only a  few of 
the compounds, all azo dyes, were carcinogenic  under our conditions.  Altera- 
tions in the azo linkage,  in the substituents of the amino group, and in the ring 
substitnents  have  been  tested.  In  our  previous  work  the  replacement  of 
the  azo  linkage  in  4-dimethylaminoazobenzene  by  the  easily  hydrolyzed 
--N~CH~  or --CH~N~  linkages  produced  inactive  compounds  (7);  in 
the present experiments the substitution of the amide linkage,  ~CO---NH~, 
as in the benz~mide of dimethyl-p-phenylenediamine,  also led to an inactive 152  ~-DIMETHYLAMINOAZOBENZENE IN  RAT 
compound.  However,  the  substitution of an ethylene  linkage  for the  azo 
group as in 4-dimethylaminostilbene produced  a  compound with a  greatly 
lowered carcinogenic activity for the rat liver (i0).  When the methyl groups 
in the parent dye were replaced by 2 H--, H-- and CI-hCH2--, or 2 CHsCH~--- 
groups,  compounds  of zero activity resulted.  However,  if the amino group 
carried H-- and CHr- or CHr- and CI-hC~  the activities of these dyes 
wexe equal to that  of  4-dimethylaminoazobenzene.  In contrast the  dyeswith the 
amino  group substituents CHz-- and HOCH2C~, CHz-- and phenyl---CHi-- 
or H-- and CHO-- were inactive.  Substituents in the rings also produced 
great variations in activity.  Calculations of  the  rela.tive  activities of  the 
ring-monomethyl derivatives  of  4-dimethylaminoazobenzene  tested  in  our 
previous work (7)  give  values of  4'--CHr-  =  <1, 3'--CI-Iz--  =  10--12, 
2'--CHr--  =  2--3, and 2--CHa--  =  0--<1.  The calculated value for the 
difficultly obtainable  3-CH.w-  derivative was zero.  An attempt was made 
to evaluate the relative importance of the position of a group in contrast to 
its type.  For this purpose  the effects of substituting HO--, CI--, andNO2--- 
groups in the 4', 3', and 2' positions were determined.  Since all of the mono- 
hydroxy derivatives were  inactive in the time interval studied the relative 
effect of this group in various positions remains unknown.  However,  a com- 
parison of the carcinogenic activities of the corresponding methyl, chloro, and 
nitro derivatives yields some light on the problem of the  position ~ersus the 
type of substituent.  In each series the 3'  derivative was the most active al- 
though the 3'-CH~--- derivative was about twice as active as the corresponding 
chloro and nitro compounds.  Apparently, however,  the  3'-nitro-4-dlmethyl- 
aminoazobenzene which is absorbed is more active than 4-¢llmethylaminoazo- 
benzene or its 3'-chloro derivative, since the observed carcinogenic activity of 
5 is increased to 8-9 when a correction is included for the 40 per cent of the in- 
gested dye which is excreted in the feces.  Also in each case the 2' derivative 
was the next most active compound; while each of these derivatives was of 
about equal activity, their relative activities were about a  third of that as- 
signed to the parent dye.  Similarly the 4' derivatives were the least active in 
each series although here the 4'-C1 compound was definitely more active than 
the 4'-CHa derivative.  Here again, the difference in activity may be due par- 
tiaUy to the excretion of 15 per cent of the administered 4'-methyl-4-dimethyl- 
aminoazobenzene  in the feces.  Unfortunately the 4'-NO2 derivative was not 
tested because of its poor absorption from the tract.  Hence from the limited 
data obtained so far it appears that the activities of monosubstituted deriva- 
tives of 4-dimethylaminoazobenzene  on the prime numbered ring are likely to 
bear the relationship  3' >  2' >  4' to one another; i.e.,  the position  of a  group 
may be more important than its type.  Three of the 6 possible dimethyl  deriva- 
tives of 4-dimethylaminoazobenzene  on the prime numbered ring were tested 
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alent 3', 5' positions produced an inactive  compound although  the presence 
of 1 methyl group in this position greatly enhances the activity of the parent 
dye.  The 3'-ethoxy derivative was chosen as an example of a compound with 
a  type of group in this high activity position which,  assuming free rotation, 
would project out from the plane of the benzene ring a large share of the time; 
this specific alteration greatly lowered the activity of the molecule.  Recently 
Sugiura (2'8) noted that the activities of the 2'-CHr--- and 3'-CHr-- derivatives 
of 4-monomethylaminoazobenzene corresponded closely with the activities of 
the  same  derivatives  of  4-dimethyl~minoazobenzene  already  reported  (7). 
The activities of the 3'-CHr-- and 3-CI~ derivatives of these two dyes (Table 
HI)  provide confirmation and  extension  of the  general finding  that  N,  N- 
dlmethyl- and  the corresponding N-monomethylaminoazo dyes are of equal 
activity. 
The fact that  the character of the diet may alter greatly the carcinogenic 
activity of an aminoazo dye is a well known and much explored problem (17). 
Much of the earlier work by the Japanese (8, 20) on the comparative activity 
of azo dyes was performed with a diet consisting  largely of rice; our objections 
to the use of this diet have been voiced previously (7, 17).  The rice diet has 
also been used in this country for structure studies (9, 28) although with better 
survival of the rats than the Japanese experienced.  However, the report by 
Kensler et aJ. (19) that the rice diet causes a rapid demethylation of 4-dimethyl- 
aminoazobenzene in vitro provides still another  strong reason  for  discarding 
the use of this diet in many azo dye experiments.  No destruction  (29)  or 
demethylation (30) of azo dye has been found to occur in any of our diets.  In 
this connection it should be noted that Sugiura (28) recently found that 4-ethyl- 
methylaminoazobenzene possessed an activity of 1+ on his scale of activity 
while  4-dimethylaminoazobenzene  was assigned  a  rating  of 2+.  However, 
under  our  conditions  these  two compounds possessed equal activity.  It  is 
possible that the discrepancy might be explained on the basis of a dealkylation 
of the ethylmethyl dye in the rice diet since this compound might be partly 
demethylated to the inactive dye, 4-monoethylaminoazobenzene, prior to feed- 
ing.  Deethylation in the diet, which would produce the active 4-monomethyl- 
aminoazobenzene,  is unlikely since a lower activity was found and also because 
4-diethylaminoazobenzene is stable in the rice diet (19). 
While an attempt has been made in this work to measure the carcinogenic 
activity of several aminoazo dyes relative to that of 4-dimethylaminoazoben- 
zene, it must be emphasized that only rough figures for these relative activities 
under one set of conditions have been obtained.  It is probable that the same 
comparisons made under other conditions would yield different values.  For 
example,  it  is established  that  Y-methyl-4-dimethylaminoazobenzene  is less 
affected  by  dietary  alterations  than  is  4-dimethylaminoazobenzene  (11); 
hence,  for example, a  comparison of activity of these two dyes using a  diet 154  /b-DIMETHYLAArr~OAZOBENZENE  IN PAT 
high in riboflavin would almost certainly lead to a higher relative activity for 
the 3'-methyl derivative than  was found with diets low in riboflavin.  The 
exceptional case of the effect of a diet on a carcinogen in vitro and the uncer- 
tainty introduced by a poorly absorbed test compound have been considered 
above.  Differences in the strain and species of the test animals are still other 
factors that might alter the relative activities of carcinogens.  The reversal of 
the  relative  activities  of 4-dimethylaminoazobenzene  and  2',  3-dimethyl-4- 
aminoazobenzene ("o-aminoazotoluene")  in the rat and mouse (23) is a  case 
in point.  However, greater difficulties are met in considering  whether a given 
relative activity is really true.  For example,  we have pointed out (7) that if 
carcinogens  undergo metabolic reactions unrelated to the carcinogenic  process, 
the number of tumors obtained in a given experiment is not necessarily a true 
index of the carcinogenicity of the molecule tested.  Activity tests of com- 
pounds structurally related to carcinogens  are important first steps and often 
yield new carcinogens  and  other useful starting  points for further  research. 
But any attempt to deduce the nature of a  carcinogenic  process solely from 
the activities of a series of structurally related compounds is of questionable 
validity.  Accordingly,  we are also investigating  the mechanism  of carcino- 
genesis  by 4-dimethylaminoazobenzene through  studies on the chemical and 
physical interactions of the dye with the constituents of the liver (1). 
SUMMARY 
1.  Eighteen known or possible metabolites of the hepatic carcinogen  4- (or 
p-) dimethylaminoazobenzene were tested for carcinogenic  activity in the rat. 
Of these compounds only 4-monomethylaminoazobenzene, a known metabolite, 
proved to be active.  Eight compounds, which appear to be metabolites of the 
dye,  were  inactive;  these  included  4-aminoazobenzene,  4'-hydroxy-4-mono- 
methylaminoazobenzene,  4'-hydroxy-4-aminoazobenzene, N-methyl-p-phenyl- 
enediamine, p-phenylenediamine,  aniline,  p-aminophenol, and o-aminophenol. 
Nine compounds which may possibly be metabolites also were inactive; these 
compounds were 4'-hydroxy-, 3'-hydroxy-, and  2'-hydroxy-4-dlmethylamino- 
azobenzene, 4-formylaminoazobenzene,  4-hydroxyazobenzene,  2,  4'-diamino- 
5-dimethylaminodiphenyl, 3-dimethylaminocarbazole, N, N-dimethyl-p-phenyl- 
enediamine, and p-hydroquinone.  A mixture of 9 known and possible meta- 
bolites was also found to be inactive.  These data indicate that the primary 
carcinogen  operative in  tumor  formation  by 4-dimethylaminoazobenzene  is 
probably an azo dye closely related to the parent carcinogen.  This conclusion 
is supported by recent work  from this  laboratory which  indicates  that  the 
primary carcinogen  consists of either or both of the protein-bound dyes found 
in  the  liver,  i.e.  4-monomethylaminoazobenzene  and  an  unidentified  polar 
aminoazo dye, and  that  the formation of bound  dye constitutes one of the 
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2.  The carcinogenic activities of 19 other compounds related  to 4-dimethyl- 
aminoazobenzene  were tested  to  obtain  more  information  on  the  structural 
features needed for a 4-aminoazo dye to possess strong activity in the rat.  3'- 
Methyl-4-monomethylaminoazobenzene  and the corresponding dimethylamino 
derivative were nearly twice as active and 4-ethylmethylaminoazobenzene had 
the  same  activity  as  4-dimethylaminoazobenzene.  As  tested  3'-nitro-  and 
3'-chloro-4-dimethylaminoazobenzene  both had about the same activity as 4- 
dimethylaminoazobenzene;  however, since the  3'-nitro  derivative was incom- 
pletely absorbed its real activity appears to be about 1½ times that of 4-dimeth- 
ylaminoazobenzene.  2'-Nitro- and 2'-chloro-4-dimethylaminoazobenzene  were 
about one-half to one-third as active and 4'-chloro-4-dimethylaminoazobenzene 
was  approximately  one-fourth  as  active  as  the  parent  dye.  3'-Ethoxy-4- 
dimethylaminoazobenzene  and  3-methyl-4-monomethylaminoazobenzene  ex- 
hibited  only slight  carcinogenic  activity.  The  following compounds proved 
inactive:  the  benzamide  of N,N-dimethyl-p-phenylenediamine;  the  diethyl, 
monoethyl,  benzylmethyl,  O-hydroxyethylmethyl,  and  formyl derivatives  of 
4-aminoazobenzene  on  the  amino  group;  and  the  3-methyl,  3',  5'-dimethyl, 
2', 5'-dimethyl, and 2', 4'-dimethyl derivatives of 4-dimethylaminoazobenzene. 
From  the available data  two conditions appear  to be essential if a dye is to 
possess high activity:  (1)  at least one methyl group must be attached  to the 
amino  group together  with  the proper  second substituent,  and  (2)  the rings 
must bear either no substituents or carry only certain substituents, preferably 
in the 3' position. 
3.  The data on the carcinogenicity of the 2'-, 3'-,  or 4'-methyl, chloro, and 
nitro  derivatives  of  4-dimethylaminoazobenzene  show  that  the  position  of 
these groups determines the carcinogenicity of these compounds to a  greater 
extent than does the type of group.  The activity relationship was 3' >  2' >  4'. 
4.  Primary,  secondary, and tertiary aminoazo dyes were determined  in the 
livers and blood of rats fed aminoazo  dyes which differed in the substituents on 
the amino group.  The data show that deethylation of 4-diethyl-, 4-monoethyl-, 
and 4-ethylmethylaminoazobenzene  occurs in vivo just as 4-dimethyl- and 4- 
monomethylaminoazobenzene  are demethylated  in vivo.  However, 4-benzyl- 
methylaminoazobenzene  and  4-#-hydroxyethylmethylaminoazobenzene  were 
dealkylated only slightly under similar conditions. 
5.  The  following  new  compounds  are  described:  4-ethylmethyl-,  4-mono- 
ethyl-,  4-benzylmethyl-,  and  4-#-hydroxyethylmethylaminoazobenzene;  4'- 
hydroxy-,  3-methyl-,  and  3'-methyl-4-monomethylaminoazobenzene;  2'-hy- 
droxy-,  3'-hydroxy,  3-methyl-,  3'-ethoxy-,  3',5'-dimethyl-,  2',5'-dimethyl-, 
and  2', 4'-dimethyl-4-dimethylaminoazobenzene. 
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